In this study, 90 crossbred weaned pigs(Duroc×Landrace×Large White)weighing ~ 7.86±0.06 kg each were randomly allotted to one of three dietary treatments. Control pigs were a fed corn-soybean meal diet with no additives. The two treatment groups were fed the basal diet supplemented either with 75 mg/kg Aureomycin or 0.4% fructooligosaccharides (FOS) in order to study the effects on performance, serological indices, and enteric morphology in addition to examining the content of volatile fatty acids in intestinal digesta. The results indicate that the diets containing FOS and antibiotics had a significant effect on feed conversion ratios (FCR) and diarrhea incidence, as well as increasing the concentrations of isobutyric and butyric acid and total VFAs in the caecum, and acetic acid, isovaleric acid, and total VFAs in feces. Supplementation with FOS also resulted in significantly longer mucosal villi height and a higher percentage of goblet cells compared with the control. No difference was found in crypt depth among the three treatments. While serum glucose levels were significantly higher following FOS supplement, differences in serum total protein, albumin, globulin, and urea nitrogen levels were not significant. (Asian-Aust.
INTRODUCTION
The period around weaning is a critical time in the life of a young piglet. The change from milk to solid food, the absence of maternal immunoglobulins, and the stress of a change of environment and littermates can endanger the intestinal health of the animal (Mathew et al., 1998 ). The immune system of the young pig is also not yet fully developed, allowing increased susceptibility to pathogen activity. Sub-therapeutic levels of feed grade antibiotics are typically used to reduce stress and to decrease possible negative effects during the transition (Corpet, 1996) . However, the use of antibiotics in animal feed is a cause for concern in view of the risk of selection of resistant strains of microorganisms (Turner et al., 2001) . It is possible that a total ban on several of the feed grade antibiotics may be implemented in the near future (Muirhead, 1998; White et al., 2002) . To maintain animal health and productivity in such a scenario, alternatives need to be evaluated.
One possible alternative to the use of growth promoting antibiotics might be found in prebiotics. Prebiotics are food ingredients that selectively stimulate the activity and/or growth of beneficial bacteria such as Bifidobacteria and Lactobacilli (Gibson et al., 1995) . They are short-chain carbohydrates (SCCs) that are non-digestible by animal enzymes (Quigly et al., 1999) . Current findings concerning the use of fructooligosaccharides (FOS) suggests they are resistant to digestion by gastric acid and pancreatic enzymes both in vivo and in vitro (Cummings et al., 2001) . FOS produced from sucrose by the action of fungal βfructofuranosidase have been found to be non-digestible in humans and other animals. The selective utilization of FOS by intestinal bacteria led to a remarkable increase in bifidobacteria in the gut according to Hidaka et al. (1986) . On the other hand, Houdijk (1998) concluded that FOS was fermented before it reached the colon, and therefore could not serve as a substrate for bifidobacteria. VFA production resulting from fermentation capacity, might help protect the animal against pathogenic activity. Howard (1995) suggested that the dietary consumption of FOS tended to enhance bifidobacteria populations and prevent colonic epithelial mucosa atrophy in neonatal pigs fed an elemental diet. Among the metabolites of FOS, such as short-chain fatty acids (SCFA), lactic acids and gases, butyrate is the major substrate for energy metabolism in colonic mucosa, stimulating epithelial cell growth (Roediger, 1980) . The other SCFA and lactic acids are rapidly absorbed, presenting potential substrates for the liver and various tissues (Bergman, 1990) .
The objective of this study was to investigate the effect of FOS addition to piglet diets on performance, intestinal VFA patterns, serum indices, and enteric morphology. In addition, the study also sought to determine whether FOS could be used as an alternative to feed grade antibiotics.
MATERIALS AND METHODS

Animals and diets
Ninety cross-bred weaned pigs(Duroc×Landrace×Large White)weighing ~7.86±0.06 kg each (33±1 d of age) were randomly divided on the basis of initial weight and gender into one of fifteen pens of three treatment groups (six pigs per pen, three barrows and three gilts, five pens per treatment) and fed one of three dietary treatments. No significant differences were present in the initial bodyweight of the piglets (p>0.05) ( Table 2) . Each pen (1.00×1.80 m) contained a self-feeder and a nipple waterer to provide ad libitum access to feed and water. Pigs were housed in an environmentally regulated nursery in pens with woven wire flooring, allowing 0.30 m 2 per pig. The pigs were fed five times daily (08:00, 10:00, 12:30, 15:30 and 18:30 h) with equal portions allotted at each meal. Animal handling procedures were in accordance with guidelines approved by China Agricultural University's Animal Care Committee.
The diets consisted of a control diet (Table 1) , the control diet with the addition of an antibiotic (Aureomycin, 75 mg/kg), and the control diet with the addition of 0.4% FOS (FOS, 0.4%). Previous research by the Animal Nutrition Lab, Animal Sci-Technology College, China Agricultural University found that the addition of 0.4% FOS to diets effectively increased performance in piglets. All diets were typical corn-soybean diets, formulated to meet or exceed the nutrient requirements (NRC, 1998) of 5 to 10 kg pigs and contained 18% CP and not less than 13.90 MJ/kg of digestible energy (on a as fed basis). The pigs were fed their diets for 21 days prior to one pig per pen being selected and killed. Feed intake was measured daily and body weight measured at 08:00 at the end of 21days.
Aureomycin (15% mean efficiency) was manufactured by Fu Kang (Fu zhou, Fujian Province, P. R. China) and bought from the market. FOS was provided by the School of Food Science and Technology, Southern Yangtze University. Based on high performance liquid chromatography (HPLC) analysis, the FOS contained 1.83% monosaccharides, 1.13% sucrose, 39.81% kestose, 49.78% nystose, 7.06% furanosyl nystose, for a total FOS of 96.65%.
Chemical analysis
Samples of the contents from the cecum were immediately collected upon the death of the animals and frozen in a jar of liquid nitrogen until subsequent analysis. Cecal contents and feces samples were also measured for VFA concentration by gas chromatography (Varian Model 3400; Varian Instrument Group, Walnut Creek, CA, USA). The digestion products were weighed, diluted with 2 g of deionized redistilled water, and centrifuged at 10,000 g for 10 min. Supernatant (1 ml) was decanted and mixed with 200 µl of 25% (w/v) metaphosphoric acid containing 2 g/L of 2-ethyl butyric acid (internal standard). This mixture was placed in an ice bath for 30 min and centrifuged at 10,000 g for 10 min, and the supernatant was decanted for injection in the gas chromatograph. Chemical analyses were conducted in duplicate. Representative feed samples were collected and analyzed for crude protein, Calcium and total Phosphorus content according to AOAC (1990, method 988 .05, method 927.02 and method 965.05) procedures. Crude protein was calculated from Kjeldahl N (N×6.25, AOAC 1990). Morphological measurements were made for crypt depth, villi height and percentage of goblet cells of the jejunum, ileum and cecum. Samples of tissue were cut from the intestin immediately after excising the digestive tract. Tissues were placed in 10% formalin. Fixed specimens were embedded in paraffin, sectioned, and stained with hematoxylin and eosin. The supportive tissue was thinly sliced (five slices) and mounted on microscope slides. Slides were viewed by light microscopy for morphological determination.
Serum glucose, total protein, albumin, globulin, and urea nitrogen concentrations were measured in blood samples using commercial enzyme kits (Zhongsheng Beikong Bio-Technology and Science Inc. 100083, Beijing, China). Blood samples were collected via jugular venipuncture before the morning feeding (0800 h for free access phase).
Statistical analysis
The results are expressed as mean values with standard errors. Data were analyzed using analysis of variance for a completely randomized design, and differences between means were determined using one-way ANOVA procedures. Multi-comparison was used to test significance and probability values of p<0.05 were taken as significant.
RESULTS
Performance
There were no significant differences in initial weight and mortality among the treatment groups (Table 2) (p>0.05).
The final weight (p = 0.997) of Control treatment is improved 70.8% than initial weight (p = 0.007), and the Aureomucin treatment improved 96.6%, while the FOS treatment improved 93.2%.
Feed conversion efficiency was significantly meaning improver for the Aureomycin and FOS treatments than for the control treatment (p<0.05), while the diarrhea rate was significantly lower. No significant differences were found between the two treatment groups on average daily gain (ADG), final weight (Table 2) , but significant differences were found between the two treatments and the control. Table 3 provides the results for the serological indices. Compared with the control, both treatments significantly increased serum glucose concentration (p<0.05), especially in Aureomycin treatment. The serum urea nitrogen (SUN) concentration was significantly affected by the Aureomycin treatment (p<0.05), although the FOS treatment difference was not significant (p<0.05).
Serological indices
The aureomycin treatment also significantly increased serum total protein and globulin concentrations and decreased the ratio of albumin to globulin (A/G), but did not affect serum albumin contents. Compared with the control, FOS did not affect serum total protein, albumin, globulin or A/G (p>0.05).
VFAs in cecal contents
The results presented in Table 4 indicate that FOS significantly increased the amount of propionic acid, butyric acid and total VFAs in the cecal contents, while aureomycin tended to decrease the contents of acetic acid, propionic acid, butyric acid and total VFAs. The VFA pattern was also found to differ with diet. The proportion of propionic acid increased from 22.96 to 27.27% with FOS consumption, while the proportion of acetic acid was decreased from 61.82 to 56.31%.
VFAs in fecal contents
FOS had a positive influence on the amount of VFA, acetic acid and isovaleric acid in the feces of weaned piglets (p<0.05), while the Aureomycin treatment had a weakly negative influence on those indices (Table 5) .
Morphological measurement
Morphological measurements of jejunal, ileal and cecal tissue showed responses to the consumption of FOS and Aureomycin, with the most pronounced differences occurring in the villous height and percentage of goblet cells in mucosa. FOS was beneficial in increasing the villi height of mucosa from jejunum to cecum in piglets compared with both the Aureomycin treatment and the control (Table 6 ). Table 6 also shows that the crypt depth of the mucosa for the different treatments was not affected (p>0.05), although FOS did significantly improve the percentage of goblet cells in the GI tract (p<0.05).
DISCUSSION
Weaning is stressful to young pigs because it takes several days for bifidobacterial populations to increase through selective enrichment (Howard et al., 1995) . In the present study, the affects of FOS on growth performance were not as remarkable as reported in other FOS studies on poultry and swine (Fukuyasu et al., 1987; Ammerman et al., 1988; Bailey et al., 1991; Waldroup et al., 1993; Orban et al., , 1995a . Dietary levels of FOS did not limit performance response in the present study and higher levels would not be practical. When pigs consumed a 0.75% FOS diet in a preliminary study (Orban et al., 1994) pigs wasted more feed because the wet feed stuck to the waterer, feed trough, and pen. Further, pigs fed the 0.75% FOS diet tended to paw the feed out of the feeder adding to the waste problem. The lack of effect of either antibiotics or FOS may be related to the overall intestinal health of these pigs. Feeding FOS to young piglets, however, may have other effects. A number of complex sugars have been shown to alter the morphology of the intestinal lining, presumably through increased production of short chain fatty acids (Tellez et al., 1993; Yoshioka et al., 1994; Howard et al., 1995) . Feeding FOS has also been shown to increase magnesium absorption in rats (Ohta et al., 1994) . There are also research findings suggesting that bifidobacteria stimulate components of the immune system in rats (Lee et al., 1993) . We have seen that broilers fed FOS diets supplemented with NRC-recommended levels of trace minerals and vitamins perform as well as birds fed control diets supplemented with twice the level of trace minerals and vitamins (Orban et al., 1995b) . Thus, depending on Tsukahara et al. (2003) . Either the addition of antibiotic or FOS significantly increased pig performance or changed the intestinal microbial populations examined in this study. The lack of response to antibiotic feeding may suggest that there were dietary, pig, or environmental conditions that limited detection of a response. It may be important to determine conditions under which one can and cannot obtain responses to dietary manipulations, such as feeding live microorganisms or selective enrichment compounds in pigs.
Cecal concentrations of VFA indicate more fermentation occurs in this region than in the ileum or jejunum. The ileal, jejunal, and cecal concentrations of VFA found in this study agree with those from Mathew et al. (1998) , although the cecal and jejunal VFA levels were only obtained by killing animals at the end of that experiment. As such, a direct comparison of these studies over the course of the weaning was not possible. Changes in fermentation patterns postweaning are also indicated by shifts in VFA production (Mathew et al., 1998) , as was observed in this study. VFA declines may have significant affects on the energy available to the intestinal mass. Large intestinal VFA production in pigs has been estimated to contribute between 5 and 28% of the total maintenance energy requirement (Friend et al., 1964; Imoto and Namioka, 1978) . In other species, VFA has been shown to be the primary energy source for the intestinal mass, contributing up to 70% of the required maintenance needs (Imoto and Namioka, 1978) .
IMPLICATIONS
The efficacy of FOS as a growth-promoting agent in swine diets was evaluated in this study. There were no significant differences in growth performance between pigs fed FOS diets or diets supplemented with aureomycin, although there were some in consistent trends for improved performance. Further studies will be necessary to determine if FOS is truly effective in swine, or under what dietary conditions the FOS may be beneficial in swine.
